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FUEL CELL OUTPUT CHARACTERISTIC ESTIMATION APPARATUS AND 
OUTPUT CHARACTERISTIC ESTIMATION METHOD, FUEL CELL SYSTEM 
AND VEHICLE HAVING THE SAME, AND FUEL CELL OUTPUT CONTROL 
METHOD AND DATA STORAGE MEDIUM 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2000-36 1076 filed 
on November 28, 2000 and No. 2001-278724 filed on September 13, 2001 including 
the specification, drawings and abstract is incorporated herein by reference in their 
entireties. 

BACKGROUND OF THE INVENTION 
L Field of Invention 

[0002] The invention relates to a fuel cell output characteristic estimation 
apparatus and an output characteristic estimation method, a fuel cell system and a 
vehicle having the same, and a fuel cell output control method and a data storage 
medium that stores a program to implement the method. More particularly, the 
invention relates to an output characteristic estimation apparatus that estimates an 
output characteristic of a fuel cell and an output characteristic estimation method for 
estimating an output characteristic of a fuel cell, a fuel cell system having a fuel cell 
and a vehicle having the fuel cell system, and a fuel cell output control method for 
controlling an output of the fuel cell and a data storage medium that stores a 
computer-readable program that causes a computer to function as a fuel cell output 
characteristic arithmetic unit and/or a control unit for the fuel cell system. 
2. Description of Related Art 

[0003] There has been proposed a fuel cell system provided with a 
commercial power supply or other power generating device that supplies electric 
power to and receives the electric power from the fuel cell in case of short or 
excessive supply of the output generated by the fuel cell (see, for example, JP-A-3- 
80316). In this system, when a power consumption of a load is within a 
predetermined range of the power that can be supplied by the fuel cell, all the power 
consumption of the load is covered by the power generated by the fuel cell. When the 
power consumption of the load exceeds the predetermined range, the excessive part of 
the power requirement is covered by a DC power obtained by rectifying the power 
supplied by a commercial power supply or other power generating device. As a result, 



the fuel cell is ensured to be effectively used. 

[0004] In the aforementioned type of the fuel cell system, however, owing to 
a change in the output characteristic of the fuel cell as it has been used for an 
extended period of time, it may happen that the entire power consumption of the load 
cannot be covered by the fuel cell even when it is determined that the power 
consumption of the load is within the predetermined range of the power supplied by 
the fuel cell. An energy efficiency of the fuel cell also changes at different operation 
points depending on an output characteristic. Therefore, the output characteristic has 
to be taken into account when an overall energy efficiency of the entire system is 
considered. 

[0005] The applicant of the invention has proposed a system that determines 
a fuel cell output by taking account of the output characteristic of the fuel cell for the 
purpose of enhancing an energy efficiency of the fuel cell system (see JP-A-2000- 
12059). 

SUMMARY OF THE INVENTION 

[0006] It is an object of the invention to provide a fuel cell output 
characteristic estimation apparatus and a fuel cell output characteristic estimation 
method so as to accurately estimate the output characteristic that is likely to change as 
the fuel cell has been used for an extended period of time. 

[0007] It is another object of the invention to provide a fuel cell system and 
a fuel cell output control method so as to enhance an overall energy efficiency by 
optimizing the operation of the fuel cell. 

[0008] It is a further object of the invention to provide a vehicle including 
the fuel cell system that provides the enhanced energy efficiency. 

[0009] It is a still further object of the invention to provide a data storage 
medium that allows a computer to function as a fuel cell output characteristic 
arithmetic unit for accurately deriving the output characteristic of the fuel cell that 
varies with time of use, and to function as a control unit for the fuel cell system for 
enhancing an overall energy efficiency by optimizing the operation of the fuel cell. 

[0010] A fuel cell output characteristic estimating apparatus for estimating 
an output characteristic of a fuel cell according to one aspect of the invention includes 
a current-voltage detector that detects an output current of the fuel cell and a voltage 
between terminals of the fuel cell, and a controller that estimates the output 
characteristic of the fuel cell on the basis of the detected output current and the 



detected voltage between the terminals, detected by the current-voltage detector, and a 
basic output characteristic of the fuel cell. 

[0011] The aforementioned fuel cell output characteristic estimation 
apparatus allows accurate estimation of an output characteristic at a specific timing of 
a fuel cell that has been used over an extended period of time on the basis of the 
detected output current, the detected voltage between terminals, and the basic output 
characteristic of the fuel cell. In this case, the output characteristic of the fuel cell 
represents a relationship between the output current of the fuel cell and the output 
voltage of the fuel cell. 

[0012] In the aforementioned fuel cell output characteristic estimating 
apparatus, the controller derives the basic output characteristic from at least one of a 
fuel supply pressure applied to the fuel cell and a temperature of the fuel cell. In this 
apparatus, the controller derives the basic output characteristic from an output 
characteristic of the fuel cell corresponding to at least one of the fuel supply pressure 
applied to the fuel cell and the temperature of the fuel cell, and an internal resistance 
of the fuel cell corresponding to the temperature of the fuel cell. As a result, the 
apparatus makes it possible to estimate the output characteristic of the fuel cell more 
appropriately. 

[0013] In the aforementioned fuel cell output characteristic estimation 
apparatus, the controller estimates an internal resistance of the fuel cell on the basis of 
the detected output current and the detected voltage between the terminals, and the 
basic output characteristic, and estimates the output characteristic of the fuel cell on 
the basis of the estimated internal resistance of the fuel cell. This may allow more 
appropriate estimation of the output characteristic of the fuel. In this apparatus, the 
controller estimates the output characteristic of the fuel cell on the basis of the output 
characteristic corresponding to at least one of the fuel supply pressure applied to the 
fuel cell and the temperature of the fuel cell, and the estimated internal resistance. 

[0014] According to another aspect of the invention, a fuel cell system 
having a fuel cell includes a fuel cell output characteristic estimating apparatus for 
estimating an output characteristic of the fuel cell, including a current-voltage detector 
that detects an output current of the fuel cell and a voltage between terminals of the 
fuel cell, and a controller that estimates the output characteristic of the fuel cell on the 
basis of the detected output current and the detected voltage between the terminals, 
detected by the current-voltage detector, and a basic output characteristic of the fuel 



cell; sets a target output of the fuel cell using the output characteristic of the fuel cell 
estimated by the controller; and adjusts an output of the fuel cell such that the set 
target output is generated by the fuel cell. 

[0015] The aforementioned fuel cell system controls the output of the fuel 
cell using a more optimized fuel cell output characteristic, resulting in an efficient 
operation of the fuel cell. Accordingly an energy efficiency of the entire system can 
be enhanced. 

[0016] The aforementioned fuel cell system includes a power supply that 
supplies electric power to and receives the electric power from the fuel cell system, in 
which the controller sets the target output of the fuel cell on the basis of an output 
required to be generated by the fuel cell system. When the set target output of the fuel 
cell is in excess of or short of the required output of the fuel cell system, the controller 
is operable to control (i.e., change) supply of the electric power to or from the power 
supply. Such arrangement allows the fuel cell system to generate a required amount 
of electric power while operating the fuel cell efficiently. In the aforementioned fuel 
cell system, the controller includes a transformer that is connected to terminals of the 
power supply and transforms the voltage between the terminals of the power supply 
so as to be applied to output terminals of the fuel cell. 

[0017] In the aforementioned fiiel cell system according to the invention, the 
controller changes the voltage between the terminals of the fuel cell into a voltage 
corresponding to the set target output. The use of a more optimized output 
characteristic of the fuel cell allows the fuel cell to generate a required output by 
controlling a voltage between terminals of the fuel cell into a voltage corresponding to 
the required output. 

[0018] According to another aspect of the invention, a vehicle includes a 
fuel cell system having a fuel cell output characteristic estimating apparatus for 
estimating an output characteristic of the fuel cell, including a current-voltage detector 
that detects an output current of the fuel cell and a voltage between terminals of the 
fuel cell, and a controller that estimates the output characteristic of the fuel cell on the 
basis of the detected output current and the detected voltage between the terminals, 
detected by the current-voltage detector, and a basic output characteristic of the fuel 
cell. The controller sets a target output of the fuel cell using the output characteristic 
of the fuel cell estimated by the controller, and adjusts an output of the fuel cell such 
that the set target output is generated by the fuel cell. Since the fuel cell system uses a 



more optimized output characteristic of the fuel cell to adjust the output from the fuel 
cell for the efficient operation of the fuel cell, the vehicle having this type of the fuel 
cell system may achieve a high energy efficiency. 

[0019] A method of estimating an output characteristic of a fuel cell 
according to another aspect of the invention includes the steps of (a) estimating a 
basic output characteristic of the fuel cell on the basis of at least one of a fuel supply 
pressure applied to the fuel cell and a temperature of the fuel cell; and (b) estimating 
the output characteristic of the fuel cell on the basis of the estimated basic output 
characteristic of the fuel cell, a detected output current of the fuel cell, and a detected 
voltage between terminals of the fuel cell. 

[0020] In the aforementioned fuel cell output characteristic estimation 
method, it is possible to estimate an output characteristic at a specific timing of the 
fuel cell that has been used over an extended period of time on the basis of the basic 
output characteristic of the fuel cell obtained from the fuel supply pressure applied to 
the fiiel cell, the temperature of the fuel cell, the detected output current, and the 
detected voltage between terminals of the fuel cell. 

[0021] In the aforementioned fuel cell output characteristic estimation 
method, the basic output characteristic of the fuel cell is estimated using an output 
characteristic corresponding to at least one of the fuel supply pressure applied to the 
fuel cell and the temperature of the fiiel cell, and an internal resistance of the fuel cell 
corresponding to the temperature of the fuel cell. This allows the fuel cell output 
characteristic to be estimated even more appropriately. 

[0022] In the aforementioned fuel cell output characteristic estimation 
method, the output characteristic of the fuel cell is estimated using an internal 
resistance of the fiiel cell estimated on the basis of the detected output current, the 
detected voltage between the terminals of the fuel cell, and the basic output 
characteristic. This allows the fuel cell output characteristic to be estimated more 
appropriately. In the aforementioned method, the output characteristic of the fuel cell 
is estimated using an output characteristic corresponding to at least one of the fuel 
supply pressure applied to the fuel cell and the temperature of the fuel cell, and the 
estimated internal resistance of the fuel cell. 

[0023] A method of controlling an output of a fuel cell according to another 
aspect of the invention includes the steps of (a) setting a target output using an 
estimated output characteristic of the fuel cell, wherein the output characteristic of the 



fuel cell is estimated by the steps of (i) estimating a basic output characteristic of the 
fuel cell on the basis of at least one of a fuel supply pressure applied to the fuel cell 
and a temperature of the fuel cell, and (ii) estimating the output characteristic of the 
fuel cell on the basis of the estimated basic output characteristic of the fiiel cell, a 
detected output current of the fuel cell, and a detected voltage between terminals of 
the fuel cell; and (b) controlling an output of the fuel cell such that the fuel cell 
generates the set target output. 

[0024] According to the aforementioned fuel cell output control method of 
the invention, even more optimized output characteristic of the fuel cell is estimated 
and the output of the fuel cell is controlled by using the estimated output characteristic, 
which allows the fuel cell to be operated efficiently. 

[0025] In the aforementioned fuel cell output control method, a target output 
is set on the basis of an output required to be generated by a fuel cell system including 
a power supply that supplies electric power to and receives the electric power from 
the fuel cell system, and when the set target output of the fuel cell is in excess of or 
short of the required output of the fuel cell system, supply of the electric power to or 
from the power supply is changed. This allows the fuel cell system to generate an 
output corresponding to an output requirement for the fuel cell system, while 
operating the fuel cell efficiently. In the fuel cell output control method, a voltage 
between the terminals of the power supply connected to output terminals of the fuel 
cell is transformed such that the voltage between the terminals of the fuel cell 
becomes a voltage corresponding to the target output. 

[0026] According to another aspect of the invention, a data storage medium 
that stores a computer readable program that causes a computer to function as a 
controller for computing an output characteristic of a fuel cell includes a computing 
program that derives a basic output characteristic of the fuel cell on the basis of at 
least one of a fuel supply pressure applied to the fuel cell and a temperature of the fuel 
cell; and derives the output characteristic of the fuel cell on the basis of the derived 
basic output characteristic of the fuel cell, a detected output current of the fuel cell, 
and a detected voltage between terminals of the fuel cell. 

[0027] The aforementioned data storage medium allows a computer to serve 
as a fuel cell output characteristic arithmetic unit that is capable of computing the 
output characteristic at a specific timing of a fuel cell which has been used for an 
extended period of time, on the basis of the detected output current, the detected 



voltage between terminals of the fuel cell, and the fuel cell basic output characteristic. 

[0028] In the aforementioned data storage medium, the computing program 
derives the basic output characteristic using an output characteristic corresponding to 
at least one of the fuel supply pressure applied to the fuel cell and the temperature of 
the fuel cell, and an internal resistance of the fuel cell corresponding to the 
temperature of the fuel cell 

[0029] In the aforementioned data storage medium, the computing program 
estimates the output characteristic of the fuel cell using an internal resistance of the 
fuel cell estimated on the basis of the detected output current, the detected voltage 
between the terminals of the fuel cell, and the basic output characteristic. In this data 
storage medium, the computing program derives the output characteristic of the fuel 
cell using an output characteristic corresponding to at least one of the fuel supply 
pressure applied to the fuel cell and the temperature of the fuel cell, and the estimated 
internal resistance. 

[0030] According to another aspect of the invention, a data storage medium 
that stores a computer readable program that causes a computer to function as a 
device for controlling a fuel cell includes a computing program that derives a basic 
output characteristic of the fuel cell on the basis of at least one of a fuel supply 
pressure applied to the fuel cell and a temperature of the fuel cell; derives the output 
characteristic of the fuel cell on the basis of the derived basic output characteristic of 
the fuel cell, a detected output current of the fuel cell, and a detected voltage between 
terminals of the fuel cell; sets a target output of the fuel cell using the derived output 
characteristic of the fuel cell; and controls the output of the fuel cell such that the fuel 
cell generates the set target output. 

[0031] The aforementioned data storage medium allows the computer to 
serve as a control unit for the fuel cell system for controlling the output of the fuel cell 
using more optimized fuel cell output characteristic so as to operate the fuel cell 
efficiently. 

[0032] In the aforementioned data storage medium, the computing program 
sets the target output on the basis of the output required to be generated by the fuel 
cell system including the power supply that supplies electric power to and receives the 
electric power from the fuel cell, and to change the supply of the electric power to or 
from the power supply when the set target output of the fuel cell is in excess of or 
short of the required output of the fuel cell system. In this data storage medium, the 
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computing program can cause the transformation of the voltage between the terminals 
of the power supply connected to the output terminals of the fuel cell such that the 
voltage between terminals of the fuel cell becomes a voltage corresponding to the set 
target output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The above and other objects, features, advantages and technical and 
industrial significance of the present invention will be better understood by reading 
the following detailed description of an exemplary preferred embodiment of the 
invention, when considered in connection with the accompanying drawings in which: 

Fig. 1 is a block diagram showing a schematic configuration of a fuel cell 
system mounted on a vehicle according to an embodiment of the invention; 

Fig. 2 is a flowchart showing a typical output characteristic estimation process 
routine explaining how the output characteristic of the fuel cell is estimated; 

Fig. 3 is a flowchart showing a typical output characteristic correction process 
routine executed by an electronic control unit for the fuel cell system according to an 
embodiment of the invention; 

Fig. 4 is a typical map showing a relationship between a fuel cell temperature 
Tfc and a basic internal resistance RO; 

Fig. 5 is a typical map showing a relationship between an output current Ifc 
and an output voltage Vfc of the fuel cell at varied hydrogen supply pressures Ph 
applied to the fuel cell with no internal resistance;. 

Fig. 6 is an explanatory view showing a typical process of obtaining the output 
characteristic of the fuel cell from the basic output characteristic; 

Fig. 7 is an explanatory view showing a typical process of correcting the 
output characteristic of the fuel cell; 

Fig. 8 is a flowchart showing a typical output control routine executed by the 
electronic control unit for the fuel cell system according to an embodiment of the 
invention; 

Fig. 9 is a typical map showing a relationship between the output current Ifc 
and the output voltage Vfc of the fuel cell at varied fuel cell temperatures Tfc of the 
fuel cell; 

Fig. 10 is an explanatory view showing a typical process of correcting the 
output characteristic of the fuel cell when a fuel cell output Pfc is low; and 

Figs. 11 A through 11C are maps each showing a relationship between the 
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output current Ifc and the output voltage Vfc of the fuel cell with no internal 
resistance at varied fuel cell temperatures Tfc and varied hydrogen supply pressures 
Ph applied to the fuel cell, respectively. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] An exemplary embodiment of the invention will be explained 
hereinafter. Fig. 1 is a block diagram showing a schematic configuration of a fuel cell 
system 20 installed in a vehicle according to one embodiment of the invention. 
Referring to Fig. 1 , the fuel cell system 20 according to the embodiment is provided 
with a fuel cell 26 constructed, for example, as a polymer electrolyte fuel cell, that 
generates power using hydrogen supplied by a hydrogen tank 22 and oxygen 
contained in an air supplied by a blower 24, a DC/DC converter 32 that regulates a 
voltage of a power line 28 connected to an output terminal of the fuel celt 26 and 
charges/discharges a battery 30 supplying power to an accessory 33, an inverter 34 
that is connected to the power line 28, a motor 36 that is driven through switching of a 
switching device of an inverter 34 to provide a driving power from a driving shaft 38, 
and an electronic control unit (ECU) 40 that controls the entire system. The driving 
shaft 38 is connected through a reduction gear 12 to driving wheels 14 of a vehicle, 
and the driving power output from the motor 36 to the driving shaft 38 will eventually 
be output to the driving wheels 14. 

[0035] The ECU 40 is a microprocessor including a CPU 42, ROM 44 that 
stores processing programs, RAM 46 that temporarily stores data, and an I/O port (not 
shown). Data input to the ECU 40 through the input port include a hydrogen supply 
pressure Ph detected by a pressure sensor 50 mounted to a supply pipe from the 
hydrogen tank 22 to the fuel cell 26, a fuel cell temperature Tfc detected by a 
temperature sensor 52 mounted on the fuel cell 26, an output voltage Vfc from the 
fuel cell 26 detected by a voltage sensor 54 mounted across output terminals of the 
fuel cell 26, an output current Ifc of the fuel cell 26 detected by a current sensor 56 
mounted on an output terminal of the fuel cell 26, a current of each phase applied to 
the motor 26 detected by a current sensor (not shown) mounted in the inverter 34, an 
angle of revolution of a rotor of the motor 36 detected by an angle sensor (not shown) 
mounted on the motor 36, a vehicle speed V detected by a vehicle speed sensor 58, a 
shift position SP detected by a shift position sensor 61 that detects a position of a shift 
lever 60, an accelerator pedal position AP detected by an accelerator position sensor 
63 that detects an amount by which an accelerator pedal 62 is depressed, and a brake 
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pedal position BP detected by a brake pedal position sensor 65 that detects an amount 
by which a brake pedal 64 is depressed. Meanwhile, signals output from the ECU 40 
through the output port, on the other hand, include a driving signal for the blower 24, 
a control signal for the DC/DC converter 32, a control signal for the inverter 34, and a 
control signal for the reduction gear 12. 

[0036] The operation of the fuel cell system 20 according to this exemplary 
embodiment of the invention, especially the operation for estimating the output 
characteristic of the fuel cell 26 and the operation for output control, will be explained. 
The operation for estimating the output characteristic of the fuel cell 26 will be 
explained referring to a flowchart of Fig. 2. This flowchart illustrates a typical output 
characteristic estimation process routine representing how the output characteristic of 
the fuel cell 26 is estimated. Fig. 3 is a flowchart showing a typical output 
characteristic correction process routine executed by the ECU 40 for the fuel cell 
system 20 according to the embodiment. The output characteristic estimation process 
routine shown in Fig. 2 is executed by the ECU 40 of the fuel cell system 20 not only 
when the output characteristic is estimated but also when the fuel cell temperature Tfc 
or the hydrogen supply pressure Ph changes. 

[0037] Upon execution of the output characteristic estimation process 
routine shown in Fig. 2, in step S100, the CPU 42 of the ECU 40 reads the hydrogen 
supply pressure Ph detected by the pressure sensor 50 and the fuel cell temperature 
Tfc detected by the temperature sensor 52. Then in step SI 02, a basic internal 
resistance R0 of the fuel cell 26 and a theoretical output characteristic are derived. In 
this embodiment, the basic internal resistance R0 is derived from a map stored in the 
ROM 44, in which an experimentally obtained relationship between the fuel cell 
temperature Tfc and the basic internal resistance R0 is preliminarily stored. When the 
fuel cell temperature Tfc is given, the basic internal resistance R0 can be derived in 
relation with the given value of the fuel cell temperature Tfc in the map. Fig. 4 shows 
an example of the map representing a relationship between the fuel cell temperature 
Tfc and the basic internal resistance R0. In this embodiment, a map representing a 
relationship between output current Ifc and output voltage Vfc of the fuel cell 26 with 
no internal resistance at each hydrogen supply pressure Ph is preliminarily stored in 
the ROM 44. The theoretical output characteristic is derived as the relationship 
between the output current Ifc and the output voltage Vfc from the map by referring 
to the given value of the hydrogen supply pressure Ph. Fig. 5 is an example of the 
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map showing the relationship between the output current Ifc and the output voltage 
Vfc of the fuel cell 26 at varied hydrogen supply pressures Ph applied to the fuel cell 
26. 

[0038] When the basic internal resistance R0 and the theoretical output 
characteristic are derived in step SI 02, the program proceeds to step SI 04. In step 
SI 04, a basic output characteristic is computed using the derived basic internal 
resistance R0 and the theoretical output characteristic. The basic output characteristic 
is computed by incorporating the basic internal resistance R0 into the theoretical 
output characteristic. The basic output characteristic can be obtained by the following 
equation (1). 

VI - V0-R0 • I (1) 
where V0 represents the output voltage of the theoretical output characteristic 
corresponding to an output current I, and VI represents the output voltage of the basic 
output characteristic corresponding to the output current I. 

[0039] In step SI 06, specific points VsO, IsO on the obtained basic output 
characteristic are set as operation points Vfc*, Ifc* of the fuel cell 26. In step S108, 
the DC/DC converter 32 is controlled such that the fuel cell 26 is operated at the 
operation points set in step S106. More specifically, the DC/DC converter 32 is 
controlled to adjust the voltage of the power line 28 to the voltage at the operation 
point Vfc*. 

[0040] In step S 1 10, the output voltage Vfc detected by the voltage sensor 
54 and the output current Ifc detected by the current sensor 56 are read. Then in step 
SI 12, the output current Ifc read in step SI 10 and the basic output characteristic 
obtained through computation in step SI 04 are used to derive an output voltage VfcO 
on the basic output characteristic corresponding to the output current Ifc. In step SI 14, 
a deviation between the output voltage VfcO on the basic output characteristic and the 
output voltage Vfc detected by the voltage sensor 54 is divided by the output current 
Ifc to obtain the internal resistance deviation AR. In step SI 16, the internal resistance 
deviation AR is added to the basic internal resistance R0 to obtain an internal 
resistance Rl of the fuel cell 26. In step SI 18, the output characteristic of the fuel cell 
26 is derived from the following equation (2) using the internal resistance Rl 
calculated in step SI 16. In the equation, V2 is the output voltage of the output 
characteristic of the fuel cell 26 corresponding to the output current I. Fig. 6 shows a 
typical process of obtaining the output characteristic of the fuel cell 26 from the basic 
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output characteristic. 



V2 = V0-R1 • I 



(2) 



[0041] In the fuel cell system 20 according to the embodiment, in case of no 
change in the fuel cell temperature Tfc or the hydrogen supply pressure Ph, the output 
characteristic estimation process routine as exemplified in the flowchart of Fig. 2 is 
executed. Then an output characteristic correction process routine, as exemplified in 
the flowchart of Fig. 3, is repeatedly executed to correct the output characteristic of 
the fuel cell 26. The aforementioned correction routine corresponds basically to the 
control scheme from step S110toS118of the flowchart as shown in Fig. 2. The 
output characteristic correction process is different from the control scheme of the 
output characteristic estimating routine in that the previous output characteristic is 
used (S202 in Fig. 3) instead of using the basic output characteristic (SI 12 in Fig. 2) 
and the internal resistance Rl is derived from a proportional term and an integral term 
(S206 in Fig. 3). 

[0042] Upon start of the output characteristic correction process routine, the 
CPU 42 of the ECU 40 reads the output voltage Vfc detected by the voltage sensor 54 
and the output current Ifc detected by the current sensor 56 in step S200. In step S202, 
the output current Ifc read in step S200 and the output characteristic of the fuel cell 26 
obtained through computation executed in the previous cycle are used to derive an 
output voltage Vfcl on the output characteristic corresponding to the output current 
Ifc. Then in step S204, a deviation between the output voltage Vfcl on the output 
characteristic and the output voltage Vfc is divided by the output current Ifc to obtain 
the internal resistance deviation AR. In step S206, the internal resistance Rl of the 
fuel cell 26 is computed using the following equation (3). 



where Kp is a gain in the proportional term and Ki is a gain in the integral term. 

[0043] Then in step S208, the output characteristic of the fuel cell 26 is 
derived from the equation (2) using the internal resistance Rl, and the process returns. 
Fig. 7 shows an example of correction of the output characteristic of the fuel cell 26. 

[0044] In the fuel cell system 20 according to the embodiment, the output 
characteristic estimation process and the output characteristic correction process 
executed by the ECU 40 may provide more accurate output characteristic of the fuel 
cell 26 that has been used over an extended period of time. 

[0045] In the fuel cell system 20 according to the embodiment, the obtained 




(3) 
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output characteristic of the fuel cell 26 is used to execute an output control of the 
system. Fig. 8 is a flowchart showing a typical output control routine executed by the 
ECU 40 for the fuel cell system 20 according to the embodiment. This routine is 
executed repeatedly at a predetermined time interval (for example, at every 8 msec). 
5 [0046] Upon execution of the output control routine, in step S300, the CPU 

42 of the ECU 40 reads various data including a vehicle speed V detected by the 
vehicle speed sensor 58, an accelerator pedal position AP detected by the accelerator 
pedal position sensor 63, and a brake pedal position BP detected by the brake pedal 
position sensor 65. Then in step S302, a value of an output to be supplied to the 
10 driving shaft 38, namely, output requirement P0 for the system is computed on the 

basis of the data including the accelerator pedal position AP, the brake pedal position 
D BP, and the vehicle speed V that have been read in step S300. In this embodiment, a 

yS map containing the relationship between the output requirement P0 and the data 

. ^ 

„2S including the accelerator pedal position AP, the brake pedal position BP, and the 

rU 15 vehicle speed V is stored in the ROM 44. The output requirement P0 can be derived 
Ig from the map in accordance with a given value of the data including the accelerator 

* pedal position AP, brake pedal position BP, and the vehicle speed V in relation with 

M* the output requirement P0. 

[0047] When the output requirement P0 is obtained in step S302, the process 
20 proceeds to step S304. In step S304, the output requirement P0 is distributed to a fuel 
cell output Pfc generated by the fuel cell 26 and a battery output Pb generated by a 
battery 30. More specifically, the fuel cell output Pfc is set to allow efficient 
operation of the fuel cell 26 within its output range using the output characteristic 
estimated by the output characteristic estimating process routine shown in Fig. 2 or 
25 corrected by the output characteristic correcting process routine shown in Fig. 3. 

Then the battery output Pb is set to cover the short or excessive supply of the output 
of the Pfc. 

[0048] After distributing the output requirement P0 in step S304, the process 
proceeds to step S306. In step S306, the operation points Vfc*, Ifc* of the fuel cell 26 
30 are set on the basis of the fuel cell output Pfc. Then in step S308, the DC/DC 
converter 32 is controlled such that the voltage of the power line 28 reaches the 
operation point voltage Vfc*. In step S3 10, the inverter 34 is controlled such that the 
output requirement P0 is supplied from the motor 36 to the driving shaft 38, and the 
process returns. Since the inverter 34 is controlled in accordance with a general 
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process, the detailed description of such control, thus, is omitted. 

[0049] In the fuel cell system 20 of the embodiment described above, the 
fuel cell output Pfc is distributed on the basis of a more accurate output characteristic 
of the fuel cell 26. Accordingly, the fuel cell 26 can be efficiently operated, 
improving energy efficiency of the entire system. Moreover, a short or an excessive 
supply of the fuel cell output Pfc is covered by the output Pb generated by the battery 
30 such that the output requirement P0 is supplied to the driving shaft 38. 

[0050] In the fuel cell system 20 according to the embodiment, the 
theoretical output characteristic is derived from the hydrogen supply pressure Ph. It is 
also possible to derive the theoretical output characteristic from the fuel cell 
temperature Tfc. In this case, instead of executing step SI 02 of the flowchart of Fig. 
2, a map containing the output current Ifc and the output voltage Vfc of the fuel cell 
26 with no internal resistance at varied temperatures Tfc of the fuel cell 26 is stored in 
the ROM 44. Then a theoretical output characteristic representing the relationship 
between the output current Ifc and the output voltage Vfc is derived from a given 
value of the fuel cell temperature Tfc. Fig. 9 is an example of the map showing a 
relationship between the output current Ifc and the output voltage Vfc of the fuel cell 
26 having no internal resistance at varied fuel cell temperatures Tfc. 

[0051] The theoretical output characteristic may be derived from the fuel 
cell temperature Tfc because an accurate theoretical output characteristic can be 
obtained by using the fuel cell temperature Tfc even in the low output range with 
reduced error (range at a high output voltage and low output current). Fig. 10 shows 
an output characteristic estimated on the basis of a theoretical output characteristic 
derived from the hydrogen supply pressure Ph (dashed line indicated as previous 
output characteristic), and output characteristic (dashed line indicated as corrected 
output characteristic) obtained through the routine shown in Fig. 2 or Fig. 3 on the 
basis of the output voltage Vfc detected by the voltage sensor 54 and the output 
current Ifc detected by the current sensor 56 (at a measurement point shown in Fig. 
10) during operation of the fuel cell 26 in the low output range (at a set point shown in 
Fig. 10) on the previous output characteristic. As Fig. 10 clearly shows, the corrected 
output characteristic line deviates from the line representing a true output 
characteristic shown by a solid line in Fig. 10. In the case where the output 
characteristic of the fuel cell 26 is derived on the basis of the output voltage Vfc and 
the output current Ifc during its operation in the low output range using the theoretical 
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output characteristic derived from the hydrogen supply pressure Ph, it is possible to 
cause the resultant output characteristic to remarkably deviate from the true output 
characteristic. Meanwhile in the modified example, the theoretical output 
characteristic with high accuracy can be derived from the fuel cell temperature Tfc 
even in the low output range. Accordingly, even when the fuel cell 26 is operated in 
the low output range, the resultant output characteristic may become closer to the true 
output characteristic. In case of deriving the theoretical output characteristic from the 
fuel cell temperature Tfc, an input of the hydrogen supply pressure Ph is not 
necessary in step SI 00 of the routine shown in Fig. 2. 

[0052] In the foregoing modified example, the theoretical output 
characteristic is derived from the fuel cell temperature Tfc. It is also possible to 
derive the theoretical output characteristic using the hydrogen supply pressure Ph and 
the fuel cell temperature Tfc. In this case, instead of deriving the theoretical output 
characteristic executed in step SI 02 of Fig. 2, a map containing a relationship 
between the output current Ifc and the output voltage Vfc of the fuel cell 26 with no 
internal resistance at varied fuel cell temperatures Tfc and varied hydrogen supply 
pressures Ph is stored in the ROM 44. Then the theoretical output characteristic 
represented by the relationship between the output current Ifc and the output voltage 
Vfc in the map can be derived from given values of the fuel cell temperature Tfc and 
the hydrogen supply pressure Ph. Figs. 11A to 11C show examples of maps 
representing a relationship between the output current Ifc and the output voltage Vcf 
of the fuel cell 26 with no internal resistance at the respective fuel cell temperatures 
Tfc and the respective hydrogen supply pressures Ph. 

[0053] In this embodiment, the basic internal resistance R0 is derived from 
the fuel cell temperature Tfc and, at the same time, the theoretical output 
characteristic taking into account no internal resistance is derived from the hydrogen 
supply pressure Ph in the fiiel cell system 20. However, it is still possible to derive 
the theoretical output characteristic from the hydrogen supply pressure Ph taking into 
account a predetermined internal resistance. Likewise, in the modified example of the 
fuel cell system 20, the basic internal resistance R0 is derived from the fuel cell 
temperature Tfc and, at the same time, the theoretical output characteristic taking into 
account no internal resistance is derived from the fuel cell temperature Tfc. 
Alternatively the basic internal resistance R0 is derived from the fuel cell temperature 
Tfc and, at the same time, the theoretical output characteristic taking into account no 
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internal resistance is derived from the fuel cell temperature Tfc and the hydrogen 
supply pressure Ph. In each of these embodiments, it is possible to derive the 
theoretical output characteristic taking into account a predetermined internal 
resistance from the fuel cell temperature Tfc and to derive the theoretical output 
characteristic taking into account a predetermined internal resistance from the 
hydrogen supply pressure Ph and the fuel cell temperature Tfc. 

[0054] In the fuel cell system 20 according to the embodiment, the output 
characteristic estimation process routine shown in Fig. 2 is executed when the fuel 
cell temperature Tfc or the hydrogen supply pressure Ph changes and the output 
characteristic correction process routine shown in Fig. 3 is repeatedly executed 
thereafter. It is again possible io repeatedly execute the output characteristic 
estimation process routine shown in Fig. 2 irrespective of the change in the fuel cell 
temperature Tfc or the hydrogen supply pressure Ph. In this case, execution of the 
output characteristic correction process routine shown in Fig. 3 may or may not be 
executed. 

[0055] In the embodiment, the fuel cell system 20 is structured so as to be 
installed in a vehicle. It is possible that the fuel cell system 20 is employed in a ship, 
aircraft, or other movable object other than the vehicle, or a freestanding power drive 
apparatus. 

[0056] In the embodiment, the fuel cell system 20 estimates or corrects 
output characteristic of the fuel cell 26 as a source of driving the motor 36. It is 
possible to apply the embodiment to a system that estimates or corrects output 
characteristic of a fuel cell functioning as a power source for supplying power to a 
general load that consumes electric power. In addition, it is preferable that the 
embodiment be applied to a computer-readable data storage medium that stores a 
program that causes a computer to serve as an output characteristic estimating 
apparatus or an output characteristic correction apparatus that performs output 
characteristic estimation processes or output characteristic correction processes for the 
fuel cell. The recording medium can be, for example, CD-ROMs and flexible disks. 
The recording medium can be readily removable, as are the previously noted 
examples, or fixed, such as with a hard drive or a computer chip. Use of such a data 
storage medium permits the same effects as those derived from the invention to be 
obtained by installing a program according to the embodiment of the invention in a 
fuel cell system. 
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[0057] In the illustrated embodiment, the controller (ECU 40) is 
implemented as a programmed general purpose computer. It will be appreciated by 
those skilled in the art that the controller can be implemented using a single special 
purpose integrated circuit (e.g., ASIC) having a main or central processor section for 
5 overall, system-level control, and separate sections dedicated to performing various 
different specific computations, functions and other processes under control of the 
central processor section. The controller can be a plurality of separate dedicated or 
programmable integrated or other electronic circuits or devices (e.g., hardwired 
electronic or logic circuits such as discrete element circuits, or programmable logic 

10 devices such as PLDs, PLAs, PALs or the like). The controller can be implemented 
using a suitably programmed general purpose computer, e.g., a microprocessor, 
microcontroller or other processor device (CPU or MPU), either alone or in 
conjunction with one or more peripheral (e.g., integrated circuit) data and signal 
processing devices. In general, any device or assembly of devices on which a finite 

15 state machine capable of implementing the procedures described herein can be used as 
the controller. A distributed processing architecture can be used for maximum 
data/signal processing capability and speed. 

[0058] While the invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the 

20 preferred embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In addition, while the 
various elements of the preferred embodiments are shown in various combinations 
and configurations, which are exemplary, other combinations and configurations, 
including more, less or only a single element, are also within the spirit and scope of 

25 the invention. 




